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The presence of heavy metals in solid and liquid wastes is an important issue that is related to the 
pollution of the environment. They are one of the most important environmental pollutants and reaching 
dangerous amount requires more research. This study was conducted to investigate the effects of lead 
(PbCl2) stress on germination of different lentil lines. Seeds of four different lentil (Lens culinaris 
Medic.) lines (BM601-46, BM706-8, BM449-13 and BM152-33) were placed on temperature adjustable 
germination cabinet at 15°C with 10 different lead solutions (Control, 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0 
and 4.5 mM) and germination percentage, mean germination time, vigour index, plumule length and 
radicle length were investigated. According to result gotten from the study, considerably decrease was 
observed in all parameters except mean germination time, depending on increasing lead concentration 
in all lines which had been used. On the other hand, effect of the concentrations of PbCl2 on 
germination was observed to be statistically important in all parameters. The results also revealed that 
significant variation is found among lines. BM449-13 and BM706-8 lines showed better performance for 
all parameters.  
 





Heavy metals are one of the most important 
environmental pollutants (Kirbag and Munzuroglu, 2003). 
It is generally accepted that the solubility, bioavailability 
and toxicity of heavy metals are dependent on various 
physicochemical parameters such as pH, hardness, 
interactive effects and presence of natural organic matter 
(Janssen et al., 2003; Heijerick et al., 2003; Hadjispyrou 
et al., 2001; Peijnenburg and Jager, 2003; Manusadzianas 
et al., 2003). pH affects the solubility, speciation and 
transportation of metals from solid to liquid phase. 
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Abbreviations: GP, Germination percentage; MGT, mean 
germination time; VI, vigour index; PL, plumule length; RL, 
radicle length. 
environment in mixtures, making the assessment of 
environmental hazards even more difficult due to the 
antagonistic or synergistic actions that may occur. The 
investigation of the joint toxic effects of chemicals in a 
mixture is generally based on comparison of the actual 
toxic effect of the mixture with the theoretically expected 
toxic effect deduced by a statistical model, using the toxic 
effects of the individual chemicals (Aoyama et al., 1987; 
Kungolos et al., 1999; Mowat and Bundy, 2002). 
Due to the rapid development of industry, the quantity 
of hazardous materials is also increasing rapidly and the 
environmental and economic problems posed by this 
factor are becoming more and more serious. These 
pollutants may cause environmental damage to soil, 
plants, groundwater and air. Owing to industrial 
development and population expansion, heavy metal 
pollution is becoming increasingly serious worldwide. 
Heavy metals may come from many different sources in 
urbanized areas. One of the most important heavy metal 





and Farmer, 1986). Atmospheric pollution is a major 
contributor to heavy metal contamination. Heavy metals 
can accumulate on topsoil from atmospheric deposition 
by sedimentation, impaction and interception. The 
persistence of heavy metals in soil is a long process 
(Kelly et al., 1996). Top soils and roadside dusts in urban 
area are indicators of heavy metal contamination from 
atmospheric deposition. It has been noted that roadside 
soils near heavy traffic are polluted by Pb and other 
metals (Culbard et al., 1988; Wong and Mak, 1997). The 
large particles of lead from vehicle emissions deposit 
close to the road (>90% within 1.5 m when the size is >5 
Am) (Hamamci et al., 1997). 
Lead is found in the environment in various forms. 
Today, most large-scale heavy metal are the common 
types (Nriagu, 1992). Lead contamination is an important 
problem, especially in agriculturally developed zones. 
The contamination of agricultural lands caused by heavy 
metals in and around industrial areas is a serious 
problem. Such contamination is due largely to injudicious 
anthropogenic activities such as indiscriminate use of 
pesticides containing heavy metals in agriculture, 
discharge of untreated industrial wastes and effluents, 
faulty waste disposal, high rate of burning of fossil fuels, 
mining, etc (Mehera and Farago, 1994). As an indicator 
of metal phytotoxicity, various authors have reported from 
time to time, different biomonitoring indices based on 
germination and seedling growth to indicate metal stress 
effects using different plant systems (Baki and Anderson, 
1973; Mhatre and Chaphekar, 1982). 
This study was carried out in order to define the effect of 
lead which has a very wide space of use such as battery 
factories, metal industries, petrol refineries, paint 
industry, vehicle accumulators and explosive industry; 
however, it also has a very important role in environment 
pollution upon the germination of various lentil lines.  
 
 




This study was conducted at the Faculty of Agriculture, 
Kahramanmaras Sutcu Imam University and Kahta Vocational 
School, Adiyaman University in 2010. Four lentil lines (BM601-46, 
BM706-8, BM449-13 and BM152-33) were used and their seeds 






PbCl2 (lead II chloride) whose molecular weight is 278.116 g was 
obtained from Sigma-Aldrich and prepared by using distilled water 
(Kiran and Sahin, 2005). Four different lentil (Lens culinaris Medic.) 
lines (BM601-46, BM706-8, BM449-13 and BM152-33) were placed 
on temperature adjustable plant growth cabinet at 15°C with 10 
different lead solutions [0.0 (Control), 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 
4.0 and 4.5 mM] for 24 h. Having 25 seeds in each petri dish, 4 
replications were used. Then, seeds were washed and placed in 
germination cabin at a temperature of 15 ± 0.5°C for 10 days.  




During this period, the petri dishes were observed daily (Tanveer 
et al., 2010). 
 
 
Germination percentage (%) 
 
Germinated seeds were counted daily according to the seedling 
evaluation procedure in the Handbook of Association of Official 
Seed Analysts. The number of germinated seeds was recorded 
every 24 h (AOSA, 1990). Ten days after germination, the 
germination percentage (GP) was calculated using the formula 







GP =  
 
 
Mean germination time (MGT) 
 








MGT   
 
Where, n is the number of seeds that germinated on day D, and D 





Vigour index (VI) was calculated by using the formula of Baki and 
Anderson (1973): 
 
xGPMRLMPLVI ][ +=  
 
Where, MPL is mean plumule length, MRL is mean radicle length 
and GP is germination percentage (%). 
 
 
Plumule and radicle length (cm) 
 
Plumule and radicle parts of the seeds in petri dishes were 
seperated after germination, and measured in centimetres from the 
point where the radicle and plumule joins together at the end of the 





A completely randomized experimental design (CRD) with four 
replicates was involved. Data were subjected to analysis of 
variance using the Statistical Analysis System (SAS) software 
(SAS, 1997) and mean separation was performed by Fisher’s least 




RESULTS AND DISCUSSION 
 
Significant differences were determined between lines 
and   PbCl2    treatments.    Lead    affected    germination  




Table 1. Analysis of variance for germination percentage (GP), mean germination time (MGT), vigour index (VI), plumule length 






GP MGT VI PL RL 
Lines 3 274.77** 0.625** 45842** 0.350** 0.406** 
PbCl2 concentration 9 7420.10** 1.119** 16629** 11.727** 13.295** 
Lines x PbCl2 concentration 27 127.06** 0.231** 1305217** 0.071 0.119 
Error 117 26.02 0.066 2650 0.056 0.100 
Total 159 - - - - - 
CV (%) 8.359 5.278 10.122 5.786 8.626 
Mean 61.025 4.849 508.568 4.100 3.671 
 


















0.0 (Control) 98.5 a 4.51 e 1027.4 a 5.30 a 5.13 a 
0.5 86.5 b 4.52 e 860.9 b 5.08 b 4.85 b 
1.0 78.0 c 4.62 de 720.6 c 4.83 c 4.39 c 
1.5 66.0 d 4.78 cd 570.6 d 4.59 d 4.04 d 
2.0 64.0 d 4.95 bc 510.1 e 4.28 e 3.70 e 
2.5 54.0 e 4.82 bc 399.0 f 4.06 f 3.37 f 
3.0 47.0 f 4.81 c 317.5 g 3.59 g 3.16 f 
3.5 44.0 f 4.99 b 271.5 h 3.31 h 2.86 g 
4.0 39.5 g 5.23 a 231.8 i 3.10 i 2.74 g 
4.5 32.8 h 5.27 a 175.4 j 2.87 j 2.47 h 
LSD 3.571 0.179 36.045 0.166 0.221 
 




percentage, mean germination time, vigour index, 
plumule and radicle length (PL and RL). All these 
parameters decreased with increasing lead (II) chloride 
level, except MGT. On the other hand, lines x PbCl2 
concentration interactions were found statistically 
significant for germination percentage, mean germination 
time and vigour index parameters (Table 1). 
 
 
Germination percentage  
 
The results indicated significant differences among 
treatments and lines (Tables 2 and 3). According to result 
from the study, considerably decrease was observed in 
germination percentage, depending on level of lead 
concentration in all lines which used.  
The highest germination percentage was obtained from 
control (98.5%), whereas the lowest was obtained from 
4.5 mM PbCl2 solution (32.8%). The germination 
percentage was decrease when the lead concentration 
increased, which shows that higher lead concentrations 
inhibit germination (Fargasova, 1994; Kiran and 
Munzuroglu, 2004; Wierzbicka and Obidzinska, 1998). 
This can also be due to the toxic effects of ions on the 
germination process (Khajeh-Hosseini et al., 2003). 
Lines BM449-13 and BM706-8 (respectively, 63.4 and 
62.9%) showed higher germination percentage, while 
BM601-46 and BM152-33 (respectively, 60.0 and 57.8%) 
were lower statistically. Germination patterns could be 
different between species and different varieties 
(McWilliam and Phillips, 1971; Therios, 1982). 
 
 
Mean germination time 
 
Values determined in terms of mean germination time 
feature contrasted with germination percentage. That is, 
seeds of which germination percentage was high 
displayed germination in a shorter time. Germination in 
short time was determined in the control. 
The highest mean germination time was observed in 
4.0 and 4.5 mM PbCl2 solutions (5.23 and 5.27 days, 
respectively). It showed that average velocity of 
germination in this treatment is the slowest. The  shortest  

















BM601-46 60.0 b 4.84 b 491.1 c 4.03 b 3.58 b 
BM706-8 62.9 a 5.04 a 521.8 b 4.17 a 3.70 ab 
BM449-13 63.4 a 4.80 b 549.1 a 4.19 a 3.80 a 
BM152-33 57.8 b 4.74 b 472.3 c 4.01 b 3.60 b 
LSD 2.259 0.113 22.797 0.105 0.140 
 




mean day germination was observed in control and 0.5 
mM PbCl2 solution with 4.51 and 4.52 days (Table 2). 
The highest mean germination time increases when the 
lead concentration increased which showed that 
increased lead concentration caused a decrease in 
germination velocity. Inhibition of germination and 
increase in germination time of lentil are supported by 
Stavrianakou et al. (2004), Dongre and Yadav (2005), 
Kadioglu et al. (2005) and Tanveer et al. (2010). 
Significant variation on mean germination time was 
found between lentil lines. The highest mean of day 
germination belonged to BM706-8 lines (5.04 days). It 
showed that mean velocity of germination in this line are 
very slow. The shortest mean day germination was 
observed in other lines, indicating their high germination 
velocity (Table 3). Lentil lines gave various reactions to 
lead (II) chloride because of their genetic potentials. 






There was a direct relation between lead (II) concen-
tration and reduction in vigour index because, as the 
PbCl2 concentration level increased, the vigour index 
decreased (Table 2). The highest vigour index was 
obtained from the control (1027.4), whereas the lowest 
was obtained from 4.5 mM PbCl2 solution (175.4). Similar 
results were observed by Channappagoudar et al. 
(2005).  
There were significant differences among lentil lines in 
terms of vigour index. The highest belonged to BM449-13 
line (549.1) and the lowest to BM601-46 and BM152-33 
lines (491.1 and 472.3, respectively). These rates 
resulted from their genetic potentials which support the 





Plumule length decreased when the lead concentration 
increased. Highest plumule length was observed in 
control treatment of lentil (5.30 cm). Shortest plumule 
was observed under 4.5 mM lead concentration (2.87 
cm). The control lead treatment and the other treatments 
were compared, particularly with the high lead con-
centrations which showed significant difference (Table 2). 
The presence of inhibitory chemicals in higher concen-
trations might be the reason for differential behaviour of 
the extracts and maximum reduction in seedling growth 
(Fargasova, 1994; Kumar and Singh 1991; Shukla et al. 
2003). 
Substantial variation on plumule was found between 
lentil lines (Table 3). Among lines, the highest plumule 
length belonged to BM449-13 and BM706-8 lines (4.19 
and 4.17 cm, respectively) but least plumule length 
belonged to other lines. Similar results were observed by 
Ganesh et al. (2009). Germination patterns could be 
different between species and between different varieties 





There was a direct relation between lead (II) concen-
tration and reduction in radicle length because as the 
PbCl2 concentration level increased, radicle length 
decreased. The highest radicle length was observed in 
control with 5.13, whereas the lowest radicle length was 
obtained with 2.47 cm of 4.5 mM. Its shows that lead (II) 
concentrations inhibit radicle length (Table 2). Our 
findings are similar to Kiran and Munzuroglu (2004). 
The tallest radical belonged to BM449-13 line with 3.80 
cm and the shortest radical belonged to other lines (Table 
3). But with BM449-13 and BM706-8 lines, radicle length 
difference is not statistically significant. Plants give 
various reactions to lead (II) chloride because of their 
genetic potentials. The result was considered in parallel 
to the findings of Bybordi and Tabatabaei (2009). 
In conclusion, lead (II) chloride has a very negative 
effect on germination in lentil. Especially, the consi-
derably negative effect of lead (II) chloride at high 
concentration appeared evidently. The use of the PbCl2 
caused significant decrease in germination percentage, 
vigour index, plumule length and radicle length, while 
mean germination time increased. The negative effect of 
high concentration of the PbCl2 was clearly observed.  




The results also revealed that there was significant 
variation between lines in all parameters. On the other 
hand, BM449-13 and BM706-8 lines showed better 





AOSA (1990). Rules For Testing Seeds. J. Seed Technol. 12: 1-112. 
Aoyama I, Okamura H, Yagi M (1987). The interaction effect of toxic 
chemical combinations on Chlorella ellipsoidea. Toxicol. Assess. Int. 
Q. 2: 341-355. 
Baki  AA, Anderson JD (1973). Vigour determination in soybean by 
multiple criteria. Crop Sci., 13 : 630-633. 
Bybordi A, Tabatabaei J (2009). Effect of salinity stress on germination 
and seedling properties in canola cultivars (Brassica napus L.). Not. 
Bot. Hort. Agrobot. Cluj. 37(1): 71-76 
Channappagoudar BB, Jalager BR, Biradar NR (2005). Allelopathic 
effect of aqueous extracts of weed species on germination and 
seedling growth of some crops. Karnataka J. Agric. Sci. 18: 916-920. 
Culbard EB, Thornton I, Watt J, Wheatley M, Moorcroft S (1988). 
Thompson M. Metal contamination in British urban dusts and soils. J. 
Environ Qual. 17: 226-234. 
Dongre PN, Yadav B (2005). Inhibitory allelopathic effect of weed leaf 
leachates on seed germination of pea (Pisum sativum L.). Crop. Res. 
Hisar. 29: 458-461. 
Ellis RA, Roberts EH (1981). The quantification of ageing and survival in 
orthodox seeds. Seed Sci. Technol. 9: 373-409. 
Fargasova A (1994). Effect of Pb, Cd, Hg, As and Cr on germination 
and root growth of Sinapis alba seeds. Bulletin of Environmental 
Contamination and Toxicology. 52 (3): 452-456. 
Ganesh KS, Baskaran L., Chidambaram A., Sundaramoorthy P (2009). 
Influence of chromium stress on proline accumulation in soybean 
(Glycine max L. Merr.) genotypes. Global Journal of Environmental 
Res. 3 (2): 106-108. 
Gibson MG, Farmer JG (1986). Multi-step chemical extraction of heavy 
metals from urban soils. Environ. Pollut. 11: 117-135. 
Hadjispyrou S, Kungolos A, Anagnostopoulos A (2001). Toxicity, 
bioaccumulation, and interactive effects of organotin, cadmium, and 
chromium on Artemia franciscana. Ecotoxicol. Environ. Saf. 49: 179-
186. 
Hamamci C, Gumgum B, Akba O, Erdogan S (1997). Lead in urban 
street dust in Diyarbakir, Turkey. Fresenius Environ. Bull. 6: 430-437. 
Harrison RM, Laxen DPH, Wilson SJ (1981). Chemical association of 
lead, cadmium, copper and zinc in street dust and roadside soil. 
Environ Sci Technol. 15:1378-1383. 
Heijerick DG, Janssen CR, DeCoen WM (2003). The combined effects 
of hardness, pH, and dissolved organic carbon on the chronic toxicity 
of Zn to D. magna: development of a surface response model. Arch. 
Environ. Contam. Toxicol. 44: 210-217. 
Janssen CR, Heijerick DG, DeSchamphelaere KAC, Allen HE (2003). 
Environmental risk assessment of metals: tools for incorporating 
bioavailability. Environ. Int. 28: 793-800. 
Kadioglu I, Yanar Y, Asav U (2005). Allelopathic effects of weed 
leachates against seed germination of some plants. J Environ. Biol. 
26: 169-173. 
Kelly J, Thornton I, Simpson PR (1996). Urban Geochemistry: a study 
of influence of anthropogenic activity on heavy metal content of soils 
in traditionally industrial and non-industrial areas of Britain. Appl. 
Geochem. 11: 363-370. 
Khajeh-Hosseini M, Powell AA, Bingham IJ (2003). The interaction 
between salinity stress and seed vigour during germination of 
soybean seeds. Seed Sci. Technol., 31: 715-725. 
Kiran Y, Munzuroglu O (2004). The effects of lead on the seed 
germination and seedling growth of lens (Lens culinaris Medic.).  Firat 









Kiran Y, Sahin A (2005). The effects of the lead on the seed 
germination, root growth, and root tip cell mitotic divisons of Lens 
culinaris Medic. Gazi University, J. Sci. 18(1): 17-25. 





) on the growth of root, shoot and leaf of bean 
(Phaseolus vulgaris L.) seedlings. Cukurova University J. Sci. 24 (1): 
64-75. 
Kumar G, Singh RP (1991). Sushila Nitrate assimilation and biomass 
production in Sesamum indicum L. seedlings in a lead enriched 
environment. Water Air Soil Pollut. 66: 163-171. 
Kungolos A, Samaras P, Kipopoulou AM, Zoumboulis A, 
Sakellaropoulos GP (1999). Interactive toxic effects of agrochemicals 
on aquatic organisms. Water Sci. Technol. 40(1): 357-364. 
Manusadzianas L, Balkelytey L, Sadauskas K, Blinova I, Pollumaa L, 
Kahru A (2003). Ecotoxicological study of Lithuanian and Estonian 
wastewaters: selection of the biotests and correspondence between 
toxicity and chemical-bas7ed indices. Aquat. Toxicol. 63: 27-41. 
McWilliam JR, Phillips PJ (1971). Effect of osmotic and matric potentials 
on the availability of water for seed germination. Austr. J. Biol. Sci. 
24: 423-431. 
Mehera A, Farago ME (1994). Plants and Chemical Elements: 
Biochemistry, Uptake. Tolerance and Toxicity, Farago, M. E. (ed.), 
VCH Publishers, New York, p.31. 
Mhatre, GN Chaphekar SB (1982). Effect of heavy metals on seed 
germination and early growth. Environ. Biol. 3: 53-63. 
Mowat FS, Bundy KJ (2002). Experimental and 
mathematical/computational assessment of the acute toxicity of 
chemical mixtures from the Microtox assay. Adv. Environ. Res. 6: 
547-558. 
Nriagu JO (1992). Toxic metal pollution in Africa. Sci. Total Environ. 
121: 1-37. 
Peijnenburg WJGM, Jager T (2003). Monitoring approaches to assess 
bioaccessibility and bioavailability of metals: matrix issues. 
Ecotoxicol. Environ. Saf. 56: 63-77. 
SAS (1997). SAS/STAT Software: Changes And Enhancements 
Through Release 6.12, SAS Inst., Cary, NC. 
Shukla AK, Prasad S, Srivastava SK, Singh SP, Singh RP (2003). 
Allelopathic effect of thatch grass (Imperata cylindrica L.) on various 
Kharif and Rabi season crops and weeds. Indian J. Weed Sci. 35: 
163-166. 
Stavrianakou S, Liakoura V, Levizou E, Karageorgou P, Delis C, 
Liakopoulos G, Karabourniotis G, Manetas G, Manetas Y (2004). 
Allelopathic effect of water-soluble leaf epicuticular material from 
Dittrichia viscose on seed germination of crops and weed. Allelopathy 
J. 14: 35-41. 
Tanveer A, Rehman A, Javaid MM, Abbas RN, Sibtain M, Ahmad A., 
Zamir MS, Chaudhary KM, Aziz A (2010). Allelopathic potential of 
Euphorbia helioscopia L. against wheat (Triticum aestivum L.), 
chickpea (Cicer arietinum L.) and lentil (Lens culinaris Medic.). Turk. 
J. Agric. For. 34: 75-81. 
Therios LN (1982). Effects of temperature, moisture stress and pH on 
the germination of seeds of amond (Prunus amygdalus “Truioto”). 
Seed Sci Technol. 10: 5885-5894. 
Wierzbicka M, Obidzinska J (1998). The effects of lead on seed 
imbibitions and germination in different plant species. Plant Sci. 137: 
155-171. 
Wong JWC, Mak NK (1997). Heavy metal pollution in children 
playgrounds in Hong Kong and its health implications. Environ. 
Technol. 18: 109-115. 
 
 
 
 
 
 
 
 
 
 
 
 
 
